TRIMs
Multiple and diverse but not an endless diversity due to constraints:
IgSF, LRR, Lectins,(barrels) PGRP, GNBP, C‘, thioester forming proteins, Fibronectin, EGF
One domain, several binding possibilities, several combinations possible (LRR Ig lectins)
So one expects sharing, scoop of committment, combinatorial usage of elements,
analogies, convergences etc.

The arsenal and its limitations

•
•

Metazoa

Simultaneous threats: Viruses, Bacteria, Archea, fungi, individuals of the same
•

species, damaged tissues,variants of self.

Photo J. Theodor

•

Simultaneous responses: Physical barriers, RNA interference, restriction, intracelluar mechanisms, surface receptors.
•

One may anticipate an original diversity of immune mechanisms:

Cell autonomous immunity: Intracellular: Nod-like receptors (NLR),Tripartite motifs (TRIM),
Retinoic acid induced genes (RIG-1) etc.
Constitutive soluble: Complement (C‘), PPO, clotting e.g.

. Inducible cellular responses (proliferation and synthesis of effector molecules)
in a specialized cell lineage: Receptor – Signalling – Effector
often articulated around conserved domains and conserved signal transduction cascades

The signalling pathways

“When binding to the signaling molecule, the receptor protein changes in some way and starts the process of
transduction, which can occur in a single step or as a series of changes in a sequence of different molecules (called a
signal transduction pathway). The molecules that compose these pathways are known as relay molecules. The
multistep process of the transduction stage is often composed of the activation of proteins by addition or removal of
phosphate groups or even the release of other small molecules or ions that can act as messengers.”
At the intranuclear end of the chain, the transcription factor binds to DNA and initiates transcription

Vitelline membrane of the enbryo

---------Hemolymph

Plasma membrane

Fat body cell ,
hemocyte membrane

To borrow is best: reuse the same is even better!
The Toll pathway used to specify the dorsoventral polarity is reused for immunity later in life

Vitelline membrane
of the embryo

-------------
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LRR-TIR/ Myd88/ Rel family < Cnidaria and Porifera

VERTEBRATE INTRACELLULAR

Toll

FLY FAT-BODY CELL

RECEPTORS

Analogy and homology
• Although TLR and Toll receptors are homologous (recognizable LRR, TIR domains
NFKappa B conserved cascade) their functions are not analogous:
• TLR function as a Pattern recognition receptor (PRR) recognizing the epitopes
on environmental pathogens. Toll functions as a cytokine receptor recognizing
Spaetzle, a self protein

Other pathways , just for information!
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(see file under this name: 9 members)
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There are 4 others, TLRs?
File: Toll TLRs
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File: serine proteases
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e.g. daphmag3mtv3l8329t1
File:serine proteases
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Toll Pathway, see accompanying file
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JAK/STAT Pathway: The Janus kinase-signal transducer and activator of transcription

A recent discovery in Molluscs: conservation of the SYK/ERK (MAP kinase) pathway
I science 23, 2, 21 February 2020, 100834
An Ancient BCR-like Signaling Promotes Immunoglobulin domain Containing Protein (ICP) Production and Hemocyte
Phagocytosis in Oyster
JiejieSun, LinglingWang, ChuanyanYang, Linsheng Song
Leads to the elimination of Vibrio splendidus

I science 23, 2, 21 February 2020, 100834
An Ancient BCR-like Signaling Promotes ICP Production and Hemocyte Phagocytosis in Oyster
JiejieSun, LinglingWang, ChuanyanYang, Linsheng Song

An ancient BCR-like molecule (designated as CgIgR) with an immunoreceptor tyrosinebased activation motif (ITAM) in its cytoplasmic tail was identified from the Pacific
oyster Crassostrea gigas and its involvement in immune response was studied. CgIgR
could bind different bacteria through five extracellular Ig domains and formed dimers. The activated CgIgR recruited CgSyk to promote CgERK phosphorylation. The
CgIgR-mediated signalling promoted the production of immunoglobulin domaincontaining proteins (CgICP-2 andCgLRRIG-1) through inducing CgH3K4me2. The
produced CgICPs that eventually facilitated phagocytosis by hemocytes leading to an
elimination of V. splendidus. This study proposes that there is an ancient BCR-like
molecule and BCR-like signaling in molluscs.

The cells
involved in immunity:
Most important: several lineages within the
mesoderm derived hematopoietic system, the
system that produces lymphocytes in
vertebrates
Other cells: Skin, liver(vertebrates) fat body
(insects), epithelia of various kind that can
produce effectors such as C’ components
multiple anti-microbial peptides etc.

Some mechanism function in all cells,
other have been submitted to “Division of the work”:
Specialized cells from the mesoderm derived hematopoietic system,
the lympho-myeloid lineages
Deuterostomata

Protostomata

Hematopoiesis across metazoan phyla
Hartenstein V. Annu. Rev. Cell Dev .Biol. 2006 22:677-712

Annu. Rev. Cell Dev .Biol. 2006 22:677-712

Mammalian lymphocyte

Insect hemocytes

Division of the work
hematopoeitic lineages , of mesodermic origin
Transcription factors homologies

( f–h ) Protochordate (ascidian). (i-j) Echinoderm
( f ) Prohemocyte in Botrylloides leachi.
(g, h) Hyaline and granular hemocyte in Diplosoma listerianum.
(i) Spherule cell in Cucumaria normani.
( j ) Hemoglobin containing hemocyte in C. normani.
Some examples of cells of the
hematopoietic system in deuterostome invertebrates

Lymphocyte lineages in jawless and jawed vertebrates
One cell-one antibody, allelic exclusion

Receptor?

M Hirano, et al Nature 501, 435–438, 2013
M.Flajnik, Current Biology 24, R1060–R1065, 2014

The immune systems in action

First attitude for a metazoan : prevent the pathogens from entering the body
….and if not, from entering the cells

Physical barriers

teguments: skin, cuticle,

Mucus
the “ slimy partner”(in the gut)

ETosis (Extra cellular traps)

Barriers

Proc Biol Sci. 2012 Aug 7;279(1740):3049-54. doi: 10.1098/rspb.2012.0407. Epub 2012 Apr
11.
The role of moulting in parasite defence.
Duneau D, Ebert D.

First attitude for a metazoan : prevent the pathogens from entering the body
….and if not, from entering the cells

Mucus
the “ slimy partner”(in the gut)

The mucus

Paone P, Cani PD. Gut 2020;69:2232–2243.

The protective function of mucus is that of a barrier is also due to its collaboration
with the immune system. Indeed, mucus is a part of the innate mucosal intestinal
barrier by being involved in the reduction of antigen exposure (bacteria) to the
immune system underlying the enterocytes, thus acting as a first line of
immunological defence against possible harmful compounds. Several studies
suggest that the mucus layer also has direct immunological effects due to their
glycans, which are able to bind directly to immune cells through the lectin-like
proteins found on the latter.
Mucus contains mucins that can be involved in host microbe interactions
(microbiota). Mucins can be found large families.

Front. Immunol., 26 November 2018 | https://doi.org/10.3389/fimmu.2018.02763

Eosinophil Extracellular Traps and Inflammatory Pathologies—Untangling the Web!

Etosis

Etosis is performed by cells of the myeloid lineage: granulocytes ,macrophages, lymphocytes
that die (or not!), releasing a chromatin-DNA backbone with attached antimicrobial peptides and
enzymes that trap and kill microbes.

ETosis by crab hemocytes
Etosis present in plants and in diploblastic Cnidarians

NATURE COMMUNICATIONS | 5:4627 | DOI: 10.1038/ncomms5627 |www.nature.com/naturecommunications

If the pathogen manages to enter the body it is met by
an army of soluble “hostile” factors, products of the
innate and (depending on the species) adaptive immune
systems

Humoral aspects of immunity
• Innate: Enzymes in the body fluids. C-reactive proteins
(pentraxins), PPO, Complement components, proteases,
agglutinins, lectins, hemolysins, anti-microbial peptides (5000
sorts known across Metazoa!), secreted PGRPs, Beta 1.3 glucan
receptors, defensins…
• Adaptive: antibodies (VLRs, IgSF)
• Some of these factors are highly conserved among species,
other are specific of some taxa, we shall touch upon two of
them only, PPO and complement

PGN=peptidoglycan
PGRP= PGN recognizing protein
PGRP- S= short PGRP
PGRP-L= long PGRP

Functions of insect PGRP proteins. In response to peptidoglycan (PGN) from
bacteria or other stimulants (yellow), insect PGRPs activate the (a) Toll and
(b) Imd pathways and (c) the prophenol-oxidase cascade, which results in
the production of antimicrobial products. (d) The structure of DAP-type
peptidoglycan, indicating the positions at which proinflammatory
peptidoglycan can be hydrolyzed by some PGRPs, reducing inflammation.
Drosophila PGRPs are shown (green) unless otherwise indicated (Bm,
Bombyx mori; Hd, Holotrichia diomphalia; Tm, Tenebrio molitor). Multiple
arrows signify multiple steps.

The Pro Phenol Oxidase (PPO) system , very
much used in many invertebrtaes , absent in
Vertebrates

https://www.researchgate.net/figure/Functions-of-insect-PGRP-proteins-In-response-

PPO melanization in Drosophila.

Takehana A et al. PNAS 2002;99:13705-13710

©2002 by National Academy of Sciences

Most of the proteins and glycoproteins that constitute the complement system are synthesized by hepatocytes or homologs.
But significant amounts are also produced by tissue macrophages, blood monocytes,
and epithelial cells of the genitourinary system and gastrointestinal tract.

MASP = mannose-associated serine protease 1

If barriers have been overcome, if soluble factors have not been effective enough…
….or if they need a follow up

Phagocytosis

Phagocytosis (discovered by Metchnikoff in several invertebrates
including Daphnia as well as vertebrates)

Kaufmann, Stefan. (2019). Immunology's Coming of Age. Frontiers in
Immunology. 10. 684. 10.3389/fimmu.2019.00684.

One of the most basal mechanisms:
inherited from monocellular organisms. Phagocytosis

“Diplobasltic” Metazoa
Epithelial immunity
Cell autonomous. Phagocytosis
Epithelial immunity (Dictyostelium, Hydra)

Bilateria , (“triploblastic”) Metazoa
Division of the work:
Macrophages and Lymphocytes
Metazoa with hematopoietic system

Phagocytosis
What did metazoa inherit from “Unicellular” organisms
that could be useful for an immune system?
Some mechanisms: phagocytosis,
1) mostly achieved by specialized cells the macrophages widespread in Metazoa, and
2) in addition and more specifically the dendritic cells of gnathostomes, where they
can participate in antigen presentation, a process in which a phagocyte moves parts of
the ingested material back to its surface.
This material is then displayed via MHC class I and II molecules to other cells of the
immune system. Some phagocytes then travel to the body's lymph nodes and display
the material to the lymphocytes (T and B). This process is important in building
immunity and many pathogens have evolved methods to evade attacks by
phagocytes.

R Jack and L Du Pasquier
Evolutionary concepts in Immunology Springer 2019

“Phagocytosis is a general competence in unicellular predators, for free-living amoebae must constantly search for
food, and then internalize it. Both the searching and the internalization are activities that are dependent on the
cytoskeleton. The cytoskeleton gives the cell its shape, and enables both the movement of organelles within the
cytosol, as well as the movement of the cell with respect to the substrate. During phagocytosis, the local structure
of the cytoskeleton is altered so that the cell membrane flows around the target particle, and encloses it in a
vacuole - the phagosome. Within the cytosol, the phagosome goes through a process of maturation, during the
course of which it may be fused with lysosomes, or other preformed storage vesicles, packed with hydrolytic
enzymes that cause the contents of the vacuole to be degraded into simple metabolites, which are then available
to fuel the cell’s metabolism.”
Some phagocytes kill the ingested pathogen with oxidants but can also release toxic nitric oxide and cytokines.

https://docplayer.info/52425748-Tinjauan-pustaka-biologi-litopenaeus-vannamei-boone-1931.html

The two types of granule may have distinct functions. The
primary granule enzymes are responsible for killing and
digesting ingested micro-organisms while the secondary
granule constituents may have regulatory functions outside
the cell.

Phagocytic receptors and their ligands (human)
In red some of the conserved ones across several invertebrate phyla
Receptor
Pattern-recognition receptors
Dectin-1
Mannose receptor
CD14
SCR Scavenger receptor A
SCR CD36
SCR MARCO

Ligand
Polysaccharides of some yeast cells
Mannan
Lipopolysaccharide-binding protein
Lipopolysaccharide
Plasmodium infected erythrocytes
Bacteria

Opsonic1 receptors
Fc gamma R
Fc alpha R
Fc epsilon R
Complement receptors (CD35 and others)

IgG
IgA
IgE
Mannan-binding lectin, C1q, C4b, C3b complexes

1 Opsonin: any molecule that enhances phagocytosis by marking an antigen for an immune response or phagocytosis

Biomed Res Int. 2017; 2017: 9042851.
Phagocytosis: A Fundamental Process in Immunity
Carlos Rosales and Eileen Uribe-Querol

Lineage restriction of phagocytic competence in metazoans
Phagocytosis is a very basic, and hence ancient, competence of unicellular eukaryotic animal cells. It is, however, an activity that must be
restrained in the cells of metazoans, for an organism, whose cells are all constantly trying to eat their neighbours, is unlikely to be a winner in the
struggle for existence. The requirement to tone down phagocytic activity in multicellular animals can be seen, at the very simplest level of
multicellular complexity, in the social amoeba Dictyostelium discoideum,

Dictyostelium
Copyright, M.J. Grimson & R.L. Blanton. Biological Sciences Electron Microscopy Laboratory, Texas Tech University

Phagocytosis

Sentinel cells in Dictyostelium
phagocytosis and etosis

Diversification , variations on the theme

Science. 2007 Aug 3; 317(5838): 678–681.

Dictyostelium sentinel cells having absorbed ethidium bromide (red) are an
example of cell specialization in a simple “organism”: division of the work.

R Jack and L Du Pasquier
Evolutionary concepts in Immunology Springer 2019

Specialization

“The interesting part of this story, is that, as the slug is formed, the
individual amoebic cells sacrifice some of their competences which
contributes to the life of the new community. One of the first things to go
is the amoebic form’s enormous capacity for phagocytosis. However, the
slug must be able to protect itself from attack by pathogens, and so one
of the first specializations to take place is that around 1% of the cells
retain their phagocytic capacity and are charged with the business of
defence. These so-called “sentinels” patrol through the mass of cells,
picking up bacteria and debris and dumping them outside of the slug. In
this situation phagocytosis has been switched from being an essential
skill of every cell, to being a competence reserved for a small population
of specialised cells.
In more complex animals there is a similar restriction of highly active
phagocytosis to certain specific cell types (professional phagocytes), such
as macrophages or granulocytes, though many other cells (including
lymphocytes) do retain it as a reserve competence.”

The tools: Mechanisms of Evolution
What change are the genes encoding the previously mentioned
molecules:

Mutations in the genes
Single point mutations
Deletions
Horizontal gene transfer, Transposition, gene conversion
gene duplication (unequal crossing over, replication
slippage, whole genome duplication, polyploidization)
Exon shuffling
The genetic differences are inheritable
reshuffled via recombination
To create is to recombine (François Jacob)
Cooption, new functions
To borrow is best (Bob Jack)
Variation, Selection
Occur also within the individual immune systems!
variation and selection of lymphocytes in vertebrates

Borrowing and recombine :
Phagocytosis from Monocellular organisms

Among several phagocytic receptors, some show
domain conservation between Protozoa and Metazoa

2 molecules involved in the phagocytosis (sentinel cells) in Dictyostelium show
conservation of LRR architecture and of TIR (Toll Il1 Receptor) domains.
Current Opinion in MicrobiologyVolume 11, Issue 3, June 2008, Pages 271-276

The fate of LRR and Ig domains in the history of immunoreceptors, a possible scenario
From LRR/Ig
Phagocytosis Monocellular organisms
LRR
Ig-like
?

TM

Cyto

??

and

To LRR /TIR of Metazoa
LRR
Toll

CT NT

CT
TM

By duplication, deletion, and exon shuffling

Cyto

TIR

Phagocytosis
Involvement of extracelluar LRR
and intracellular TIR domains
in Hydra’s (Cnidaria) epithelial immunity

CNIDARIA

Vitelline membrane of the enbryo

---------Hemolymph

Plasma membrane

Fat body cell ,
hemocyte membrane

To borrow is best: reuse the same is even better!
The Toll pathway used to specify the dorsoventral polarity is reused for immunity later in life

Allorecognition

Allorecognition in sponges Ephydatia fluviatilis
Non confluence front (Van de Vyver 1970)

In the marine sponge Callyspongia diffusa acute cytotoxic allogeneic
histoincompatibility reactions involve “gray cells”

Mechanism:
“induced suicide”(Niels Jerne 1971) = Apoptosis?Autophagy?

Theodor’s experiment in Eunicella (a gorgonian)

“killer”

Actinomycin

A blocked killer still kills

Actinomycin

A blocked target survives

Curr Biol. 2010 Jun 22;20(12):1122-7
Allorecognition Proteins in an Invertebrate Exhibit Homophilic Interactions. Karadge UB, Gosto M, Nicotra ML. Curr Biol. 2015 Nov 2;25(21):2845-50..

Hydractinia
Incompatibility due to two linked IgSF loci
alr1 and 2 leads to hyperplastic (proliferation) stolon
and killing via nematocysts

V

l

I
TM

Cyto ITAM

Pairs of colonies that meet naturally or are placed in contact either fuse their contacting peripheral
ampullae to form a vascular parabiont or develop cytotoxic lesions in the contact zone.
Within 2-5 hours after the first contact various types of blood cells accumulate at the tips of interacting
ampuli. This initial accumulation of cells in the area of contact happens always independent on the
genotypes of the contacting colonies. It takes place even during isogeneic contacts, when subclones of
one colony are used in the allorecognition assay.
Within 48 hours after contact, in case of two compatible colonies, the blood vessels will fuse and a
chimeric organism will be formed. If the colonies are not compatible, an area of lesion will occur in
between them. Lesion and necrosis (points of rejection, POR) occur mainly as a result of the activation of
a prophenoloxidase system of morula cells. As a result, two colonies become physically isolated from
each other by the area of melanisation and all the cells within this area are eliminated.

Evolution of Allorecognition in the Tunicata Marie L. Nydam
Biology 2020, 9, 129; doi:10.3390/biology9060129
Molecular analysis of self / nonself recognitionin the
urochordate Botryllus schlosseri Dissertation zur Erlangung des

Botryllus graft rejection Pattern
Oka and Watanabe 1958, review in Immunity Volume 25, Issue 1, July 2006, Pages 13-15
Gary W.Litman

In Vertebrates 75% reactivity
In Botryllus 25% reactivity
recognition of self or gene dose effect?

A

B

C

AC

BC

D

AD

BD

Parents

1 haplotype difference: tolerance
2 haplotypes differences: rejection

Phagocytosis in Monocellular organisms

Diploblastic Metazoa
Epithelial immunity

Triplobastic Metazoa
Macrophages , lymphocytes and alike
Division of the work

Selective pressures and constraints on the immune systems

•

Should identify the environment. Self non self? damaged tissues? Specific recognition.Taking advantage of
binding properties of several major molecular categories

•

Should transmit this information to an effector mechanism Conservation of intra cellular signaling cascades

•

Should be rapid and efficient at detecting and eliminating specifically the danger (i.e keeping symbionts,
eliminating pathogens) Innate components, constitutive elements.

•

Should have diversity and flexibility, Many solutions Innate and adaptive: gene families, many molecular
categories,

•

Should confer to each individual within a species the best chances of survival under (often rapidly) changing
environment conditions. Somatic adaptations.

•

Should not react with self. Should not overreact, should be regulated (up and down regulation) Restriction
modification Clonal selection (lymphocyte). Peripheral tolerance. T reg

•

Profiting from experience: Memory , transfer of protection could be useful Clonal selection (lymphocyte),
CRISPRs.

•

Should be economical i.e. should not use too much genetic material, too many cells. Somatic adaptations,
combinatorial usage of elements. Inheritance of adaptive systems as a “do-it-yourself” kit.

•

(Modulations of the above under the influence of life histories of the organisms are likely: temperature, size,
life span, progeny size, early development properties etc )

Next major step in evolution: further specialization of cells
lineages:
the mesoderm derived hematopoietic system
Cells of the hematopoietic lineages can patrol and
sense the environment with many kinds of diversified
receptors and react accordingly.
Local and systemic responses

Next week: the receptors and their
diversification

